Aminoacridines, potent inhibitors of protein kinase C.
Acridine orange, acridine yellow G, and related compounds potently inhibited protein kinase C (Ca2+/phospholipid-dependent enzyme) activity and phorbol dibutyrate binding. Inhibition was investigated in vitro using Triton X-100 mixed micellar assays (Hannun, Y. A., Loomis, C. R., and Bell, R. M. (1985) J. Biol. Chem. 260, 10039-10043 and Hannun, Y. A., and Bell, R. M. (1986) J. Biol. Chem. 261, 9341-9347). Inhibition by the acridine derivatives was subject to surface dilution; therefore, the relevant concentration unit is mol % rather than the bulk molar concentration. Fifty percent inhibition of protein kinase C activity occurred at concentrations of these compounds comparable to concentrations of sn-1,2-diacylglycerol (DAG) and phosphatidylserine (PS) required for enzyme activation (i.e. 1-6 mol %). The mechanism of inhibition appeared to be complex: both the catalytic and regulatory sites of protein kinase C were affected. Acridine orange was a competitive inhibitor with respect to MgATP when the catalytic fragment of protein kinase C was employed. Inhibition at the active site was overcome by the addition of Triton X-100 micelles or phospholipid vesicles. When the activity of intact protein kinase C was measured, inhibition was noncompetitive with respect to MgATP. Further kinetic analysis suggested a competitive type of inhibition with respect to PS and DAG implying an interaction of acridine compounds with the regulatory lipid cofactors or with the regulatory domain of protein kinase C. This was further supported by demonstrating inhibition of phorbol dibutyrate binding to both protein kinase C and the lipid-binding domain generated by trypsin hydrolysis. Acridine orange and acridine yellow G also inhibited thrombin-induced 40-kDa phosphorylation in human platelets and phorbol dibutyrate binding to platelets. These effects were also subject to surface dilution. These results suggest that acridine derivatives have multiple interactions with protein kinase C with the predominant effect being inhibition of activation within the regulatory domain of the enzyme. Some of the biologic effects of acridine derivatives including anti-tumor action may occur as a consequence of protein kinase C inhibition.